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Investigation of epinephrine molecule and its synthesis
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Abstract. Epinephrine is the first hormone to be isolated, identified, and synthesized in a
laboratory. It is secreted by the adrenal glands under a fight or flight response when the body
reacts towards an experience of harmful events and potential threats to survive. The biosynthesis
of epinephrine produces a variety of different hormones in the process, and an investigation of
the different effects each hormone has on the body may be considered. The objective of this
paper is to view epinephrine’s effect on the body, the different syntheses of epinephrine, and
applications of epinephrine on diseases. Research would be done on the biochemical reaction
that synthesizes epinephrine, which boosts the different body functions, and determine
epinephrine’s potential future medical applications.
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1. Introduction

1.1. History of Epinephrine

Epinephrine is a hormone secreted by the adrenal glands with a broad application in the medical industry.
From the last half of the 19" century to the early start of the 20" century, scientists from different regions
of the world conducted investigations relating to adrenal glands and their secretion product, epinephrine.
After the first observation of adrenal glands in 1855 by Thomas Addison, noticing the significance of
such an organ led to further investigation. It was not until the late 19th century where English
physiologists George Oliver and Sir Edward Albert Sharpey-Schafer discovered the effects of
epinephrine and described it as the “blood-pressure-raising effect of a substance from the adrenal
medulla”. Entering the new century, epinephrine was isolated and identified by Jokichi Takamine, a
Japanese American biochemist, and the synthesis of a ketone form of epinephrine was later developed
by Friedrich Stolz and Henry Drysdale Dakin in 1904 [1-4]. The final conversion of adrenaline into
epinephrine was finally created in 1906, becoming the first laboratory-synthesized hormone [5].
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1.2. General Information on Epinephrine
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Figure 1. Structure of epinephrine

Epinephrine, also referred to as adrenaline, acts as both a hormone and a neurotransmitter. On top of
each kidney, our adrenal glands produce and release this hormone. Epinephrine is also a neurotransmitter
in the central nervous system and facilitates the transmission of nerve signals from one nerve cell, muscle
cell, or gland cell to another. This chemical is associated with the sympathetic nervous system,
responsible for the “fight-or-flight” response to danger. Irregular epinephrine levels have been linked to
hypertension, anxiety, sleep disorders, and reduced immunity [6]. Adrenaline affects the body in six
significant ways. First, it widens the air passages to supply muscles with the oxygen necessary to fight
or flee danger. Second, it constricts blood vessels and redirects blood flow to critical muscle groups like
the heart and lungs. Third, it accelerates heart rate and increases heart contraction force, delivering
oxygen to muscles and tissues. Fourth, it prompts the liver to release glucose into the bloodstream,
providing energy to the body. Fifth, it causes pupils to dilate, improving vision even in low-light
conditions. Lastly, it reduces pain perception, enabling people to continue fighting or fleeing, even when
injured. Adrenaline is released in response to real threats and during moments of emotional stress, such
as taking tests, public speaking, dating, watching a scary movie, or participating in extreme sports like
skydiving [7]. Synthetic epinephrine, when used medicinally, is employed in treating various conditions,
such as cardiac arrest and cardiopulmonary resuscitation (CPR), eye surgery, septic shock, asthma, and
anaphylaxis. Epinephrine is used to stimulate the heart during CPR, help maintain pupil dilation during
eye surgery, and raise blood pressure in cases of septic shock. Additionally, it helps open airways,
reduces airway spasms in those with asthma, and relaxes airway muscles in individuals experiencing
anaphylaxis, a severe and potentially deadly allergic reaction [8].

Epinephrine is a white to brownish crystalline powder, which is odorless and has a bitter taste.
Adrenaline is soluble in water, ethanol, and chloroform, but it is insoluble in ether and benzene [9]. It
has a melting point of around 215-217 degrees Celsius, and its boiling point is approximately 300
degrees Celsius [10]. Adrenaline is highly reactive, and its chemical properties allow it to bind to specific
receptors on the surface of cells, including the heart, lungs, and blood vessels. Figure 1 shows the
molecular structure of epinephrine that allows it to acquire its corresponding chemical properties.

1.2.1. General Chemical Information about Epinephrine. The molecular formula of adrenaline, also
known as epinephrine, is C9H13NO3. It is a molecule with a nominal mass of 183 and a total mass of
183.089543 [10]. Adrenaline comprises carbon, hydrogen, nitrogen, and oxygen atoms and contains 26
covalent bonds forming a covalent molecule. It includes 13 non-hydrogen bonds and 6 hybrid C-C bonds
that form the 6-membered ring. 6 of the carbon atoms in the molecule are sp, bonded, while the other 3
of the carbon atoms are sps bonded. The oxygen and nitrogen are all sp3 bonding as oxygen has 2 bond
pair and 2 lone pair, and nitrogen has 3 bond pair and 1 lone pair [11].

1.2.2. Structure of Epinephrine. The backbone structure of adrenaline is formed by covalent bonds
between carbon and hydrogen atoms, and it also has polar covalent bonds between oxygen and hydrogen
atoms that make it soluble in water. Adrenaline has an amine group (-NHz) and a catechol group (-
CsH4OH), connected by a single carbon atom forming a peptide bond. (See figure 1.) The functional
groups present in adrenaline, like the amine, catechol, and carboxylic acid groups, enable it to interact
with specific receptors on the surface of cells in the body [12].
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2. Synthesis of Epinephrine
2.1. Biosynthesis of Epinephrine
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Figure 2. Process of epinephrine biosynthesis

2.1.1. The Process of Phenylalanine to Tyrosine. There are 5 steps in epinephrine biosynthesis, as
shown in Figure 2. Phenylalanine is an amino acid that can be converted to tyrosine in phenylalanine
hydroxylation, the first step of biosynthesis. This process involves the enzyme phenylalanine
hydroxylase, which converts a hydroxyl group to the phenylalanine molecule into tyrosine [13].

2.1.2. The Process of Tyrosine to Dopa. The conversion of tyrosine to DOPA (3,4-
dihydroxyphenylalanine) is the second step to form epinephrine. The reaction is catalysed by the enzyme
tyrosine hydroxylase, which adds a hydroxyl group (-OH) to the carbon atom adjacent to the amino
group (-NH>) of tyrosine [14-15].

2.1.3. The Process of Dopa to Dopamine. DOPA can be further metabolized to dopamine by the enzyme
aromatic L-amino acid decarboxylase, which removes the carboxyl group (-COOH) from DOPA [14-
15].

2.1.4. The Process of Dopamine to Norepinephrine. The conversion of dopamine to norepinephrine is
the 4th step of epinephrine biosynthesis. The reaction is catalysed by the enzyme dopamine beta-
hydroxylase, which adds a hydroxyl group (-OH) to the carbon atom adjacent to the amino group (-NHy)
of dopamine, forming norepinephrine [16].

2.1.5. The Process of Norepinephrine to Epinephrine. The last step in this biosynthesis is
norepinephrine to epinephrine. The reaction is catalysed by the enzyme phenylethanolamine N-
methyltransferase (PNMT), which transfers a methyl group (-CHs) from S-adenosyl-L-methionine
(SAM) to the nitrogen atom (-NH>) of norepinephrine, forming epinephrine [15].
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2.2. Chemical Synthesis of Epinephrine
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Figure 3. Process of chemical synthesis of epinephrine

Another way to synthesize epinephrine chemically is the Enantioselective Synthesis method, as shown
in Figure 3. In this method, reacting pyrocatechol with chloro-acetylchloride under strong hydrochloric
acid would form 3’,4’- dihydroxy-2-N-methylaminoacetophenone. Then, this intermediate is used to
produce epinephrine by hydrogenation by using about a 50-bar hydrogen pressure, with a chiral
hydroxyalkyl ferrocenyl phosphine as a catalyst. However, this process usually takes about 2-4 days,
which makes it not suitable for the industrial synthesis of epinephrine, so other modern syntheses of
epinephrine, like asymmetric hydrogenation, are developed to become a more efficient method of the
synthesis of epinephrine [17].

3. Function and Metabolism of Epinephrine in the body
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Figure 4. Process of metabolism of epinephrine

The synthesis process of epinephrine starts with the amino acid tyrosine, going through the whole
synthesis process and at last, forming epinephrine, norepinephrine, and dopamine. These three hormones
are all stored inside the adrenal glands with different usages for the body. The normal epinephrine level
inside an average adult is 0 to 140 g/MI. For norepinephrine, the intermediate level is 70 to 1700 pg/mL
inside an average adult, while the expected level of dopamine inside an average adult is only 0 to 30
pg/mL [18]. With too many of these hormones in the body, the different body functions would get
boosted over the limit, adding risks towards various cardiovascular diseases like heart attack, heart
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palpitations, and high blood pressure. So the human body stores epinephrine parts and produces more
under multiple situations. The rate of epinephrine synthesized in the body is also fast, usually taking
about 2-3 minutes from the production to feel the effect of epinephrine [19]. After epinephrine is used
in the body, it takes about 1 hour for the effects to wear off. At the same time, during that period, the
user might have a headache, hypertension, weakness, tremors, and vomit. While the effects of
epinephrine wear off, the hormone also gets converted into a vanillic acid. As shown in Figure 4, the
conversion can happen in two ways, first epinephrine may metabolize with monoamine oxidase and
aldehyde oxidase enzymes, forming 3,4-Dihydoxy mandelic acid, which then metabolizes with
catechol-O-methyltransferase enzyme forming into vanillylmandelic acid which then gets excreted out
of the body through urine. Another way that metabolizes epinephrine into vanillylmandelic acid is using
catechol-O-methyltransferase enzyme, which metabolizes epinephrine into metanephrine, then using
monoamine oxidase and aldehyde oxidase enzymes to metabolize into vanillylmandelic acid. The
metabolism of norepinephrine into vanillylmandelic acid has a similar procedure to the metabolism of
epinephrine [20].

4. Difference and Similarity Between Epinephrine and Norepinephrine

Epinephrine and norepinephrine are catecholamines, a compound that functions as neurotransmitters
and hormones. Comparing these two molecules reveals both similarities and differences. Both
epinephrine and norepinephrine are catecholamines that affect the heart, blood sugar levels, and blood
vessels. While they have similar effects, norepinephrine can cause vasoconstriction, narrowing blood
vessels and increasing blood pressure. Epinephrine, or adrenaline, is a powerful hormone with
significant physiological effects. These effects include increased blood glucose levels, elevated heart
rate, more muscular heart contractions, and relaxation of airway muscles to facilitate breathing. These
actions provide the body with extra energy. In times of severe stress or fear, the body releases a surge
of epinephrine, triggering the fight-or-flight response. Norepinephrine has similar effects to epinephrine,
such as increased blood glucose levels, elevated heart rate, and more muscular contractions. However,
norepinephrine also causes vasoconstriction, narrowing blood vessels and increasing blood pressure.
Additionally, they differ in their applications. Epinephrine is a synthetic form of the hormone and
neurotransmitter used in medical treatments. It is primarily used for anaphylaxis, severe asthma attacks,
cardiac arrest, severe infections, and as an additive to local anesthetics. It acts quickly to improve
breathing, stimulate the heart, raise blood pressure, and alleviate allergic reactions. Norepinephrine
treats septic shock, a severe bacterial infection that can cause organ failure and low blood pressure. It is
administered intravenously to constrict blood vessels and increase blood pressure. Norepinephrine is
preferred over epinephrine due to its specific alpha-receptor activity. Some individuals with depression
or attention deficit hyperactivity disorder (ADHD) take medications that stimulate or increase the release
of norepinephrine, such as atomoxetine and serotonin-norepinephrine reuptake inhibitors (SNRIs) like
duloxetine (Cymbalta) and venlafaxine (Effexor XR) [21].

5. Conclusion

Epinephrine has been used for different medical purposes since its discovery. The first use of
epinephrine in medical surgery was in 1896, when an American physician William H. Bates used
epinephrine for eye surgeries [22-23]. It was later used to treat a severe allergic known as Anaphylaxis.
For this allergic sickness, a modern technology treatment called EpiPen was developed in the mid-1970s
by Sheldon Kaplan in survival technology as the first modern epinephrine auto-injector. It was later
approved to sell in the market in 1987, and since then, it has saved numerous lives that suffer from
Anaphylaxis. Some other medical use of epinephrine includes cardiac arrest, croup, asthma and other
life-threatening physical damage on the body. This is due to epinephrine’s effect on the body, as it is
able to reduce the amount of blood loss, improve breathing, stimulate the heart, raise dropping blood
pressure, reverse hives and reduce swelling [24-25]. While epinephrine has a broad use in the medical
industry now on physical illnesses, it may also have a variety of future applications on mental health
and development. MIT researchers have used rodents to stimulate the adrenal glands and control the
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amount of hormones released that link with stress. [26] These hormones include dopamine,
norepinephrine and epinephrine which are intermediates or products of the synthesis of epinephrine.
This shows the possibility of using epinephrine as medicine for curing mental sicknesses like anxiety
and depression. The release of epinephrine also increases level of functions in the limbic system,
including the hypothalamus, the hippocampus, and the amygdala. These parts of the brain control
emotional responses, behaviour, and long-term memory, which shows that the release of epinephrine is
associated with improving memories and other brain functions. This also shows the potential of
epinephrine to improve brain functions significantly or even develop new brain functions that may
evolve human beings [27-28].
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